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[2], [3], [4], [5] [6]
$\Delta$ $\mathbb{C}=\mathbb{C}\cup\{\infty\}$ $R$ $R$ $n$
$R^{n}=\tilde{Ro\cdot\cdot oR}n$. $\deg R\geq 2$ $R(z_{0})=z_{0}$ $z_{0}\in \mathbb{C}$ $R$
$R^{N}(z_{0})=z_{0}$ $($ $:N\in N)$ $z_{0}$ $\lambda=(R^{N})’(z_{0})$
$\lambda$ 4
$>1$ $z_{0}$. $|\lambda|=1$ $z_{0}$. $0<|\lambda|<1$ $z0$. $=0$ $z_{0}$
$z_{0}$ $R$ $R$
$z_{0}\in \mathbb{C}$ $z_{0}$ $A(z_{0})$
$A(z_{0})=\{z\in \mathbb{C}$ $|$ $R^{n}(z)arrow z_{0}\}$ .
$D\subset \mathbb{C}$ $\mathbb{C}$ $\mathcal{F}$ (normal family)
$\mathcal{F}$ $\{f_{n}\}_{n=1}^{\infty}$ $D$
Fatou $R$ $z$ $z\in \mathbb{C}$ $R$ Fatou
$F(R)$
Julia Fatou $J(R)=\mathbb{C}\backslash F(R)$ Julia Julia
. $J(R)=J(R^{n}),$ $(n\in N)\ovalbox{\tt\small REJECT}$
. $J(R)$. $J(R)=R(J(R))=R^{-1}(J(R))$ ( $J(R)$ ).. $J(R)\neq\phi$ .. $J(R)$ $R$
$R$ $P$





Mandelbrot $\Lambda 42$ $c$
Mandelbrot
$\mathcal{M}=\{c\in \mathbb{C}|P_{c}^{n}(0)\neq\not\simeq\infty(narrow\infty)\}$ .
2 $c$ $c\in \mathcal{M}$ Julia
$A(\infty)$ $c\not\in \mathcal{M}$ Julia
2 Julia
1: $P_{c}(z)=z^{2}+c$ Julia Julia
Y. Fisher 2 $c\in \mathcal{M}$
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( $B\ddot{o}$ttcher )








2: B\"ottcher $\varphi$ $\Lambda(\infty)$
( $K\ddot{o}$be $\frac{1}{4}$ )
$f$ : $Darrow\Omega$ $z_{0}\in D$
$\frac{1}{4}|f’(_{\sim 0})|d(z_{0},\partial D)\leq d(f(z_{0}), \partial\Omega)\leq 4|f’(z_{0})|d(z_{0}, \partial D)$ .







4: $K\ddot{o}$be $|f(z)|$ $|f’(z)|$
$\Delta$
$\rho_{\Delta}(z)|dz|=\frac{2|dz|}{1-|z|^{2}}(z\in\triangle)$ .




$f$ : $Darrow D’$
$\rho_{D’}(u))|dw|\leq\rho_{D}(z)|dz|$ $($ $w=f(z))$ .
$f$ : $D\mapsto D’$ ( )
$\rho_{D’}(z)\leq\rho_{D}(z)$ $(z\in D)$ .
$K\ddot{o}$be $\frac{1}{4}$
(K\"obe A ( ))
$\Omega\subset \mathbb{C}$ $B$
$z_{0}$ $B\subset\Omega,$ $\partial B\cap\partial\Omega\neq\phi$
$\rho_{B}(z_{0})\leq 4\rho_{\Omega}(z_{0})$ .
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5: $z_{0}$ $\Omega$ $B$
(Circular symmetrization)
( ([7, p.128] ))
$\Delta$ $w=f(z)=a_{0}+a_{1}z+\cdots$ $D=f(\triangle)$ $D^{*}$
$a_{0}$ $D$ $D_{0}$ $D^{*}$
$w=\phi(z)=a_{0}+a_{1}’z+\cdots$
$\triangle$ $D_{0}$ $|a_{1}|\leq|a_{1}’|$ $|\phi’(0)|\geq|f’(0)|$
$\phi$




$A_{0}(\infty)=A(\infty)\backslash \{\infty\}$ Julia Y. Fisher ([1] ).
B\"ottcher $\varphi$ $K\ddot{o}$be $\frac{1}{4}$ B\"ottcher $\varphi$ $\varphi_{n}$
B\"ottcher $\varphi$ $A_{0}(\infty)$ $\mathbb{C}\backslash \overline{\Delta}$ K\"obe $\frac{1}{4}$
$\frac{1}{4}|\varphi’(z)|d(z, J(P_{c}))\leq d(\varphi(z), \partial(\varphi(A_{0}(\infty))))=|\varphi(z)|-1\leq 4|\varphi’(z)|d(z, J(P_{c}))$ .
$\frac{1}{4|\varphi’(z)|}(|\varphi(z)|-1)\leq d(z, J(P_{c}))\leq\frac{4(|\varphi(z)|-1)}{|\varphi’(z)|}$ .
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$\varphi_{n}arrow\varphi$ ( $A(\infty)$ ) $n$
$a\approx b$ $C^{-1}\leq a/b\leq C$ $C\geq 1$




$z_{0}$ $J(P_{c})$ $|z_{n}|^{R}21$ 1
$n$
$d(z, J(P_{c})) \approx\frac{|z_{n}|}{|z_{n}’|}\log|z_{n}|$ . (1)
$z_{n+1}=P_{c}^{n+1}(z)=P_{c}(P_{c}^{n}(z))=P_{c}(z_{n})=z_{n}^{2}+c$,
$z_{n+1}’=(P_{c}^{n+1})’(z)=P_{c}’(P_{c}^{n}(z))\cdot(P_{c}^{n})’(z)=P_{c}’(z_{n})\cdot z_{n}’=2z_{n}\cdot z_{n}’$ .
$z_{n},$ $z_{n}’$
$z_{0}=z$ , $z_{n+1}=z_{n}^{2}+c$ $(n=0,1,2, \ldots)$ ,
$z_{0}’=1$ , $z_{n+1}’=2z_{n}z_{n}’$ $(n=0,1,2, \ldots)$ .







































K\"obe A $z\in A_{0}(\infty)$ $J(P_{c})$ $w=\varphi(z)\in D_{0}$ $\Delta$
$\frac{|dz|}{d(z,J(P_{c}))}\approx\frac{|dw|}{d(w,\partial D_{0})}$ . (2)
$d(w, \partial D_{0})$ $w\in D_{0}$ $\Delta$ $|w|$ 1 $|w|\approx 1$ $\log|w|\approx|w|-1$
$\frac{|dw|}{d(w,\partial D_{0})}=\frac{|dw|}{|w|-1}\approx\frac{|dw|}{|w|\log|w|}$ . (3)
Do $(=\mathbb{C}\backslash \Delta)$ (2), (3)
$\frac{|dz|}{d(z,J(P_{c}))}\approx\frac{|dw|}{|w|\log|w|}$ . (4)












B\"ottcher $\varphi$ $\varphi_{n}$ (1)




























$f_{1}(| \varphi(Z)|)\cdot\frac{\log|Z|}{|Z|^{2}}\leq\frac{|\varphi’(Z)||Z|\log|Z|}{|\varphi(Z)|\log|\varphi(Z)|}\leq f_{2}(..\varphi(Z).)\cdot\frac{\log|Z|}{|Z|^{2}}$ . (10)
$f_{1}(t)= \frac{(t^{2}-1)^{3}}{t^{2}(t^{2}+1)\log t}$ , $f_{2}(t)= \frac{(t^{2}+1)^{3}}{t^{2}(t^{2}-1)\log t}$ ,






(12) (5) $|Z|\geq R$ I
15
44 $z$
$z\in A_{0}(\infty)$ K\"obe $\frac{1}{4}$

















$\varphi(z)$ $|\varphi(z)|\in D$ $D$
$h$ : $Darrow\triangle$
$h(z)=h_{6}oh_{5}\circ h_{4}\circ h_{3}\circ h_{2}\circ h_{1}(z)$ .
















Milnor $\mathbb{C}\backslash \mathcal{M}$ [4] Julia








$\frac{\sinh G(z)}{2|G(z)|e^{G(z)}}\leq d(z, J(P_{c}))\leq\frac{2\sinh G(z)}{|G’(z)|}$ .
.
$\frac{\tanh(G(z)/2)}{|G’(z)|}\leq d(z, J(P_{c}))\leq\frac{2\tanh G(z)}{|G’(z)|}$ .
$G(z)$ $G(z)$
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14: Milnor
46 $z$
$z$ $B\ddot{o}$ttcher Julia $\{|z|\leq 2\}$
$z$ $|z|\leq L=2+\epsilon$
8
$z$ $z\in A_{0}(\infty),$ $|z|\leq L=2+\epsilon$
$\frac{\sqrt{L^{2}+4}-2}{L\log(\frac{\sqrt{L^{Z}+4-}+L}{2})}<\frac{d(z,J(P_{c}))}{\frac{|\varphi(z)|}{|\varphi(z)|}\log|\varphi(z)|}<2$ . (14)
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